The Fano-Kondo effect in zero-bias conductance is investigated based on a theoretical model for the T-shaped quantum dot. The conductance as a function of the gate voltage is generally characterized by a Fano asymmetric parameter q. With varying temperature the conductance shows a crossover between the high and low temperature regions compared with the Kondo temperature T K : two Fano asymmetric peaks at high temperatures and the Fano-Kondo plateau inside a Fano peak at low temperatures. Temperature dependence of conductance is calculated numerically by the Finite temperature density matrix renormalization group method (FT -DMRG).
due to the Kondo effect the conductance becomes zero at T = 0 and the system shows a perfect reflection rather than the resonance tunneling for the infinite q. This phenomenon is called as an anti-Kondo resonance in literature. 6 For an AB-QD, the Fano parameter takes a non-zero value. It can be controlled by the magnetic flux penetrating in the AB ring and can be a complex number. Experimentally, tunability of the Fano parameter in the AB-QD has been demonstrated successfully. 8 Fano effects with finite q are general phenomena in quantum transport and have been observed in various geometries not only in the AB-QD but also in single electron transistors 9 and T-shaped QDs. 10 However, so far, there has been no experimental report on indication of the Kondo effect for the cases with finite q except for the very recent experiment of the anti-Kondo resonance. 11 Concerning theories for the T-shaped QD, the Fano-Kondo effect studied in ref. 5-7 has been limited to the q = 0 case. In this letter we study the Fano-Kondo effect covering the whole range of q by considering an extended theoretical model for the T-shaped QD. In particular temperature dependence of the conductance is discussed for finite q and finite U . We note that the theories on the Fano-Kondo effect for the AB-QD have been limited to either the T = 0 case 3 or the U = ∞ case. 4 It is also shown in this letter that the Fano-Kondo effect of the AB-QD can be described in the same way by the mapping to the extended model. We introduce the model for the T-shaped QD shown in Fig. 1 (a) . Since we have introduced the energy level ǫ 0 for the 0-th site the system may be considered as a T-shaped double dot system. 12, 13 The Hamiltonian of the model is
where each dot has a single level, ǫ 0 and ǫ d , and the on-site Coulomb interaction, U 0 and U d .
is given by
where
2 with ∆ 0 = 2v 2 0 /t and G 0 (ω) is the local Green's function of the 0-th site. These formulae give conductance for the embedded QD when we cut the connection 2/9 to the d-dot by putting v d = 0. In the following, we will concentrate on the T-shaped QD and U 0 = 0 is assumed unless otherwise stated. We also assume that the chemical potential is zero, which is the half-filling condition because the energy band of the bulk is −2t cos k.
For the T-shaped QD model we can rewrite the conductance by G d , because G d and G 0 are related by
The Green's function g 0 is the local Green's function at the site 0 for the case of v d = 0 and is given by
where g B is the local Green's function at the i = ±1 site for the case of v 0 = 0, i.e. at the end point of the semi-infinite chain:
Since we can expand
, the transmission probability at T ≪ ∆ 0 and t is written as
where the Fano parameter q is
and the width of the d-level is given by
It should be noted that in the present model the conductance has a contribution from
to the conductance. For other two limiting cases, q = 0 and |q| ≃ ∞, the conductance is
The former case, q = 0, is called anti-resonance case where the transmission probability is given by
The latter case, |q| ≃ ∞, is written as 
It is worth to mention that conductance in the embedded QD corresponds to the |q| = ∞ case,
Equivalence between the embedded QD and the |q| = ∞ case of the T-shaped QD may be understood in the following way. In the limit of |q| → ∞, we can write It is easy to calculate the non-interacting case. Since the Green's function is calculated as
the conductance at T = 0 is given by
For interacting case at zero temperature we introduce the phase e of the Green's function at ω = 0 as
where ∆ d is defined by eq.(10). This is valid for any finite U d , which is an essence of the Kondo effect. The conductance for general U d at the zero temperature limit is given by the same formula, eq.(15). These formulae of g and q are the same as the non-interacting case.
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zero temperature and defines the phase shift At high temperatures conductance obtained by the FT -DMRG shows typically two structures at V g = ±U/2, i.e. two dip structures for q = 0 (Fig. 2 ) and two Fano line shapes for q = 0 (Fig. 3) . In these figures, we plot also conductance obtained by the Zubarev approximation:
where dependence of the number of electrons can be ignored and n d is given by Fig. 4(a) . At high temperatures we see two Fano structures at around −U/2 and U/2 on the background conductance of 1 1+q 2 , Fig. 4(b) . At low temperatures we see development of a new Fano-Kondo plateau of Fig. 4(c) . At the same time the structure at −U/2 (U/2) becomes a simple peak (dip). g 0 is the conductance of the background defined at |V g | = ∞ limit. Finally we comment on the AB-QD. The simplest tight binding model for this case is shown in Fig. 7 (a). For T ≪ t the transmission probability is given by eq.(8) with
The model for the AB-QD may be mapped to two semi-infinite chains by introducing the symmetric, s i , and the antisymmetric, a i , sites. From the mapping it is readily seen that 
